The multitude of physiologically active alkaloids derived from Daphniphyllum species are shown to belong to five related skeletal groups. Chemical interrelation of the daphniphylline and daphnilactone types has been achieved. Speculation conceming the biosynthesis of these alkaloids from squalene is outlined. Biosynthetic studies using Iabelied mevalonate and squalene which support these hypotheses are described.
INTRODUCfiON
The Japanese Euphorbiaceae contains many toxic substances. However, when we initiated our studies ten years ago on the alkaloids of Daphniphyllum macropodum Miquel (Yuzuriha in Japanese) not much was known about these toxic constituents. The skeletons of these toxic alkaloids, which are all unique and so far have not been encountered in other species, can now be classified into five groups. The other constituents found in Euphorbiaceae are diterpenoids containing many oxygen atoms and these toxic diterpenoids structurally belang to three groups: (a) An alkaloid linked to a polyoxygenated diterpene; (b) Fatty acid ester of polyoxygenated diterpene (Professor Hecker and his co-workers also have studied these compounds, but the details of their work will be omitted from this lecture); (c) Other polyoxygenated diterpenes.
These compounds are not only physiologically active but exhibit interesting physical and chemical properties. I will first discuss the structures and reactions of polyoxygenated natural products isolated from Euphorbia milli, Euphorbia jolkini, and Euphorbia kansui, and then compare their physical and chemical properties with those of other physiologically active polyoxygenated compounds which we have studied to date:
(i) Alkaloid containing polyoxygenated sesquiterpenes isolated from Euonymus (insecticidal); (ii) Polyoxygenated sesquiterpene from Jllicium anisatum L. (highly toxic); (iii) Tetrodotoxin from puffer fish (highly toxic). 175
DAPHNIPHYLLUM ALKALOIDS

Introduction
About three hundred genera, eight thousand species are known to belong to Euphorbiaceae. When we started our studies on the toxic constituents, Daphniphyllum was classified as Euphorbiaceae but its classification as a Daphniphyllaceae is now prevalent.
In Japan the following three species have been identified as betonging to
Daphniph yllaceae:
(1) Daphniphyllum macropodum Miquel (widely distributed on the Pacific Ocean side); (2) Daphniphyllum macropodum var. humile Maxim Rosenthai (distributed on the Japan Sea side); (3) Daphniphyllum teijsmanni Zollinger (warm sea coasts).
These plants have been used traditionally in Japan as ornaments for New Year's day but their toxicities were also known to the populace. They exhibit vermicidal activity and also cause asthma. One of the main alkaloids, yuzurimine, causes slight paralysis of the centrat nervous system at low concentrations. At higher concentrations it has a sedative activity and also causes muscle relaxation. This activity is due to the various alkaloids which differ from species to species. The content also varies with the season, species, and source (i.e. leaves, fruit, etc).
The plant Daphniphyllaceae contains a great variety of related alkaloids. Twenty-six alkaloids have been isolated to date, as shown in Tables 1 and 2 , which can be divided into the following five types depending on th~ nitrogen- containing skeleton: (1) Daphniphylline, (2) Secodaphniphylline, (3) Daphnilactone-A, (4) Daphnilactone-B, and (5) Yuzurimine.
Dapbniphylline-type alkaloids
The structures of seven of these are known, a representative member being daphniphylline (1), the structure of which was unambiguously elucidated by means of an x-ray crystallographic analysis 1 • The main difference is seen in the non-nitrogen containing portion. The mass spectra of these alkaloids have a pair of prominent peaks at mje 286 and 272 which have played an important role in the structural determination. As shown below, the first R1 Daphmacrine (5)
Daphmacropodine (6) R 1 = OH, R 2 = H Methyl homodaphniphyllate (7) * Private communication from Dr K. Osaki (Kyoto University): a tentative structure (4) has been allotted to daphnimacropine.
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four alkaloids (11, 2 2 ,3 3 and 4) all have the same ketal moiety. Daphmacrine (Stand daphmacropodine (6) 5 were both isolated by Dr Nakano and his co-workers. Biogenetically, they are quite interesting. Methyl homodaphniphyllate (7) is one of the significant C 22 -alkaloids 6 , which has been derived from daphniphylline (1) Methyl homodaphniphyllate (7) the ketal moiety have been carried out in order to clarify some biogenetic and structural points. During the course of these studies a modified Clemmensen reduction has been found and applied to keto steroids 7 , cx-ß-unsaturated ketones and ß-diketones 8 (9) Biogenetically, secodaphniphylline can be regarded as an important precursor of the other daphniphyllum alkaloids. Furthermore, from a structural viewpoint, oxidation of the alkaloid (9) with Pb(OAc) 4 is of interest 12 , since this Ieads to the formation ofa stable anti-Bredt's rule imine. Since then, the following non-isolatable anti-Bredt's rule imines have been reported as unstable reaction intermediates 13 (24) is different from the others in the N-heterocyclic skeleton 20 • Biogenetically, however, this alkaloid may be derived from yuzurimine-B (18).
Yuzurimine (15) 25 , and C (27) 26 bad been isolated and structurally elucidated. The skeleton is the diterpene ingenoJ2 7 to which Dragendorff-positive nitrogen containing compounds are attached through an ester linkage. The Dragendorff-positive moieties are anthranilic acid, 3-hydroxyanthranilic acid, and N,N-dimethylanthranilic acid. The carcinogenic activity of these highly toxic compounds is under investigation. In addition, compound (28) has also been isolated from this plant. This compound is non-crystalline and the molecular formula was established by the field desorption mass spectrum 28 . 
EUPHORBIA KANSUI LIOU
The toxicity of the Chinese herb 'Kansui' has been known for a long time. In spite of its pharmacological utility it is difficult for a herb doctor to determine the optimum dose. A study of the toxic principles resulted in the isolation of ingenol and 13-oxyingenol derivatives 33 • 34 (LD 50 0.75 mgjkg and l.Omgjkg, respectively) as the main toxic com~onents. Moreover, toxic and analgesic compounds, Kansuinines A and B 5 have been isolated. In fact, kansuinine A shows that the analgesic and anti-writhing (Phenyl-quinone writhing) activity is 0.5 mgjkg and the toxicity is 30 mgjkg for mice.
Isolation
The procedure for the isolation is shown in Figure 1 . Commerciaily available 'Kansui' was extracted with ethanol for one week, and the ethanol 187 extracts were concentrated under reduced pressure. The resulting syrup (ca. 1 kg) was extracted with benzene many times. The combined benzene layers were concentrated in vacuo. The oily material was separated by column chromatography (silicic acid). The portion eluted by methanolchloroform (v/v: 2/98) afforded toxic fractions (2g, LD 50 2mg/kg). The components were separated by preparative thin-layer chromatography with the use of methanol-chloroform (v/v: 3/33) as solvent. At this stage, kansuinine A was crystallized from ether and petroleum ether, whereas kansuinine B could not be purified completely by thin-layer chromatography; the purification was achieved by high pressure liquid chromatography with gradient elution (MicroPak column, 1 m 36 ), affording pure kansuinine B.
The ingenol and 13-oxyingenol derivatives were also separated by the same procedure as described above.
Chinese medicine 'Kansui', lOkg 
Molecular formulas and general properties
Structure of kansuinine A (40)
The n.m.r. spectrum of kansuinine A is shown in Figure 2 , which indicates that this compound has five acetate and one benzoate groups. This observation suggested that the parent alcohol is C 20 H 32 0 9 , a highly oxygenated diterpene. 188
Functional groups (a) Exocyclic methylene-Kansuinine
A afforded a diol (41) by treatment with osmium tetroxide in pyridine followed by the addition of sodium bisulphite. In the n.m.r. spectrum of compound (41) two protons assigned to CH 2 0H appear as an AB quartet centred at (J 3.40. Furthermore, this compound was converted to compounds (42) and (43).
(b) Tertiary alcohol-The acetylation of kansuinine A by the ordinary method (acetic anhydride-pyridine) did not proceed, but this compound gave a monomethyl ether (44) with silver oxide and methyl iodide in dimethylformamide, in which no more alcohol groups were present.
(c) Ketone--Kansuinine A was converted to compound (45) by reduction with sodium borohydride in tetrahydrofuran, from which kansuinine A was regenerated by oxidation with chromium trioxide in pyridine.
(d) Tertiary acetoxy group-Hydrolysis of compound (45) afforded compound (46), whose n.m.r. spectrum showed the absence of low field proton signals originally present in (45) except for those due to two protons assigned to exocyclic methylene.
These data showed that the properties of nine oxygens present in kansuinine . A are characterized as seven hydroxyls, one ketone, and one ethereal function.
Consequently, the number of the ring system is three, including the ether ring. As shown in Figure 2 , the values of coupling constants among the protons are smal~ so we tried to obtain derivatives better suited for structure elucidation by n.m.r. spectral analysis.
Transannu/ar ether formation
The treatment of kansuinine A with p-toluenesulphonic acid afforded the deacetoxy compound (47Jin good yield. The n.m.r. spectrum oftbis compound (47) is shown in Figure 3 ; the assignment of each protonwas clearly made on this compound (47) by decoupling procedures and the observation ofiNDOR spectra. Furthermore, hydrogenation of compound (47) afforded a dihydro compound (48) with Pd-C as catalyst. Based on the n.m.r. spectral data of compounds (47) and (48), it was possible to derive partial structures (I, II and III). The reduction of compound (47) with sodium borohydride gave compound (49). The findings that in the n.m.r. spectrum of compound (49) the signal of the new proton appeared at (J 3.65 as a quartet (J = 4, 6Hz), and the presence of a ß-diketone system in compound (47), [proved by the formation of compounds (50) and (51)] suggested another partial structure (IV).
These partial structures (1, li, III, IV) , coupled with biogenetic considerations suggested the structure of kansuinine A as depicted in (40).
The formation of eleven-membered Iactone by a novel retrcr-aldol
reaction Kansuinine A yielded Iactone (52) with sodium hydride in tetrahydrofuran at 50° for 30 minutes. The presence of protons due to the ethyl keto group and the proton on the carbon attached to the Iactone oxygen were shown in the n.m.r. spectrum of compound (52). Lactone (52) was converted to methyl esters (53), which gave compound (54) on oxidation with periodic acid in acetone-water, the structure of which was fully established by spectral data. Compound (54) contains eleven carbon atoms of the parent diterpene skeleton. 
Stereochemistry of kansuinine A
(a) Stereochemistry of compound (54}-Compound (54) was converted to the mono acetate (SS), the n.m.r. spectrum of which gave the following stereochemical information. Tbe three coupling constants, J 2 3 , J 3 4 , and J 4 5 , are all 3 Hz, suggesting an all-cis relationship. Tbe stereo'chemistry at C-'1 and C-15 was necessarily determined as sbown on steric grounds.
(b) Stereochemistry of compound (47)-Substituents attacbed at C-7, C-8, and C-9 in the six-membered ether ring were trans and cis from consideration of the fact that two coupling constants, J 7 8 and J 8 9 are 11 Hz and 3.5 Hz, respectively, and that compound (50) is reacted with 'one molar equivalent of sodium metaperiodate. In the NPE experiment of compound (47), a ten per cent increase of intensity of H-7 signal upon irradiation of H-4 signal shows protons at C-7, C-8 and C-9 to have cx, ß and ß configurations, respectively. Furthermore, the observation of an NOE between H-7 and H-11 suggested the stereocbemistry shown below for the structure of compound (47) except for 18-CH 3 (c) Stereochemistry of kansuinine A-NOE experiments with compound (44) disclosed the cis-relationsbip between H-11 and 14-0Me and tbus suggested the following stereostructure for this compound (44). Tbe 18-methyl group is assigned an cx configuration, considering the coupling constant (J = 1Hz) between H-12 and H-13 in the n.m.r. spectrum ofthe NaBH 4 reduction product of (44). The configuration of the acetoxy group at C-7 was suggested from tbe following facts: in the reaction of kansuinine A witb p-toluenesulphonic acid leading to compound (47), the acetoxy group at C-7 is displaced by an internal ~2 mechanism, and the coupling constants (J 1 , 8 and J 8 , 9 ) in the n.m.r. spectrum of kansuinine Aare within 1Hz. 
Structure of kaasuiDine S (56)
Kansuinine B has two acetate groups and two benzoate groups as sbown in the n.m.r. spectrum. Consequently, the parent alcohol is C 20 H 30 0 10 , a highly oxygenated diterpene. 192
Functional groups (a)
Exocyclic methylene-Kansuinine B afforded a diol (57) with osmium tetroxide in pyridine followed by treatment with sodium bisulphite. The p-bromobenzoate (58) was obtained from (57) by the action of p-bromobenzoyl chloride in pyridine.
(b) cis-Diol and secondary alcohol-The oxidation of kansuinine B by periodic acid afforded ketoaldehyde (59). Furthermore, ketoaldehyde (59) was converted to monoacetate (60) with acetic anhydride-pyridine. Frpm the n.m.r. spectra of these compounds, (59) and (60), the presence of partial structures (1'), (II'), (111') and (IV') was revealed.
X-Ray analysis of compound (58)
The structure of compound (58) was unambiguously established by x-ray analysis ( Figure 4 
The reaction of kansuinine B with acid
Kansuinine B was sensitive in acidic media. In particular, we detected compounds (61) and (62~ the products formed by an acid-catalysed transannular reaction. In the n.m.r. spectrum of compound (62), the signal of the acetoxyl group at C-15 appeared as a broad singletat b 1.90. This phenomenon may be caused by steric crowding around the acetoxy group.
The reaction of kansuinine B with base
The treatment of kansuinine B with sodium carbonate in ethanol gave compounds (63) and (64), which were acetylated to give compound (65). The 0,0'-acetyl migration. from C-15 to C-8 followed by formation of the fivemembered ether ring is very unusual for this carbon skeleton. The driving force of this reaction may be attributed to the steric crowding of the acetyl group at C-15 caused by exocyclic methylene, the benzoate group at C-7, and the methyl group at C-13; this was deduced with the aid of molecular models.
Kansuinines A and B are polyoxygenated diterpenes. These compounds containing the twelve-membered carbocycle with multi-functional groups are interesting not only for their physiological activities but from the viewpoint of the relationship of reactivities and conformation.
lngenol and 13-oxyingenol derivatives
The following compounds (66~ (67) and (68), were obtained. The ester of 13-oxyingenol which belongs to the newly discovered dass of compounds, undergoes the following interesting reactions. 
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In order to obtain the parent alcohol, hydrolysis of compound (69) was tried, but this attempt was fruitless. Accordingly, the reductive cleavage of the ester group was examined, giving compound (70). The structure of compound (70) was determined by subsequent formation ofthe cyclooctenone system (71), which was produced by 1,3-fragmentation involving the cleavage of the cyclobutanol system of compound (70). In contrast to compound (69), simple reductive cleavage ofthe ester in compound (72) was achieved affording compound (73) . The reason the tetramethyl ether (72) produces no cyclobutanol compound with Iithium aluminium hydride may be the steric effect between the methoxy group at C-4 and the newly produced C9-C12 bonding. Also formation of the unique cyclobutanol compound (74) by intramolecular aldol condensation occurred by treatment of compound (73) with potassium t-butoxide. 
Anisatin and neoanisatin
These also are polyoxygenated sesquiterpenoids and possess some interesting properties.
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